The damage caused by the 1996 Lijiang Earthquake i n China is analyzed using Geographic Information Systems (GIS). Data for Lijiang District were collected from the local governmental offices and were converted into GIS data layers. Factors affecting the damage ratio of houses, seismic intensity and the occurrence of casualties are examined based on GIS mapping and analyses.
Introduction
Four recent large earthquakes in Asia, Hanshin-Awaji in Japan in 1995, Lijiang in China in 1996, Jiji in Taiwan in 1999 and Western India in 2001 induced catastrophic disasters. Evaluation of such earthquake disasters facilitates damage mitigation and better planning for the future. Studies concerning the Hanshin-Awaji earthquake (e.g. Usui and Konagaya, 1995; Iwai et al., 1996; Hatayama et al., 1999) have shown that GIS (Geographic Information Systems) can provide useful tools for evaluating earthquake disasters.
In recent years, many Chinese researchers have been interested in computer applications to earthquake disasters. For example, China Seismological Bureau (1998) developed software "Earthquake Disaster Loss Estimation System (EDLES)" with a graphic user interface for the Windows operation system. GIS applications to earthquakes in China, however, have been limited to the mapping of seismic zones (e.g., Zhou, 2001) . It is necessary to analyze earthquake damage in China using GIS, as have been performed in Japan after the Hanshin-Awaji earthquake, although governmental offices often restrict the access to Chinese data concerning disasters.
On the 3rd of February, 1996, a severe earthquake with a magnitude of 7.0 in the Richter scale shocked Lijiang and surrounding areas of the Yunnan Province in China (Figure 1 ). It affected more than one million people in nine counties of four administration districts (Lijiang, Dali, Diqing and Nujiang) . 309 people were killed and 17,057 people were wounded. More than one million civil houses were damaged and many public infrastructures and facilities were broken. The economical loss of the earthquake amounts to 2,583 billion RMB or ca. 320 million US dollars (Yunnan Seismological Bureau and Western Yunnan Earthquake Prediction Study Area, 1998).
We collected available information regarding the damage of the Lijiang earthquake, and converted them into GIS data layers to perform analyses. 
Building damage ratios and earthquake damage index
About 10 hours after the Lijiang earthquake, the field investigation team of the Yunnan Seismological Bureau arrived in Lijiang and started collecting information about the damage. Although some general reports were published based on the collected data (Huangfu, 1997; Han and Zhou, 1997) , many of source data have been classified by the local government. We were, however, allowed to use the data of building damage ratios for 111 villages and death toll in Lijiang District. Han and Zhou (1997) proposed the classification of buildings and damage grades applicable to the Lijiang earthquake. In China, civil buildings have been divided into three types: I, II and III (Xie, 1957;  Table 1 ). Han and Zhou (1997) note that buildings affected by the Lijian earthquake can be correlated with the types II and III, and that they can be further divided into eight sub-types shown in Table 2 . Houses framed by steel and concrete, including buildings taller than four stories; usually designed to resist earthquakes with the intensity VIII or higher. Xie (1957) classified building damage due to earthquakes into four grades. Han and Zhou (1997) modified this classification and applied five damage grades to the Lijiang earthquake (Table 3) . Table 3 Classification of building damage due to the Lijiang earthquake (Han and Zhou, 1988) Grade Description 
where j is the damage grade (1,2,…n), p j is the standard damage parameter for the j-th damage grade and AR j is the areal ratio of buildings belonging to the j-th damage grade.
In the area affected by the Lijiang earthquake, Naxi national houses of the III-1 type occur widely and are suitable for the calculation of DI. Investigation Team of Earthquake Influence Field of Tonghai Earthquake (1977) determined the values of p j for such houses made of wood and earth. We aggregated some of the values to derive p j corresponding to the five damage grades of Han and Zhou (1997) (Table 4) . Table 5 shows the areal ratios of houses with different damage grades for the 111 villages, as well as the DI calculated using Eq. (1). (1977) . Table 6 shows the grades of seismic intensity and relevant phenomena. Table 6 Seismic intensity grades applied to China (Xie, 1957 and China Seismological Bureau, 1977) Damage The seismic intensity derived from DI for the 111 villages is shown in Table 5 . Such intensity estimation requires detailed data of building damage ratios. Therefore, seismic intensity has often been estimated based on rapid field observations of the damage. In this way Han and Zhou (1997) obtained the intensity of the Lijiang earthquake in 36 towns (Table 7) to draw contours of the intensity (Figure 2 ). Figure 2 Contours of seismic intensity based on rapid field observations (Han and Zhou, 1997) 
Death toll
Among the 309 people killed by the Lijiang earthquake, 294 died in Lijiang County, 5
in Zhongdian County, 8 in Heqing County, 1 in Ninglang County and 1 in Jianchuan
County. We obtained death toll data for Lijiang County from the seismological office of the county (Table 8) . Among 294 victims, 241 were directly smashed to death below the collapsed buildings, 25 died because of illness, 2 died because of fire, 3 died because of shock, 6 died because of suffocation and 16 died for other reasons. The age distribution of the killed persons (Table 9) shows that the youngest and oldest generations were major victims. 3 Mapping and analysis of earthquake damage using GIS
The tabulated data concerning house damage and death toll were converted into GIS data layers with geographic coordinates. Some paper maps were also digitized to provide the electronic data files of basic map components such as administrative of the data were performed with ArcView, a GIS software package from ESRI, USA.
Distribution of seismic intensity
As noted above, Han and Zhou (1997) manually produced the contours of seismic intensity based on field observations in 36 towns (Figure 2 ). Using the interpolation capability of ArcView, we also constructed contours from the data collected by Han and Zhou (1997) . The resultant map (Figure 3) indicates that the distribution of seismic intensity is more complex than the nearly elliptical pattern suggested by Han and Zhou (1997) Figure 3 GIS-produced seismic intensity map based on data from rapid field observations Seismic intensity was also derived from the damage index values (Table 5 ). Figure 4 shows the map of seismic intensity based on the data in Table 5 . The damage index values depend on the detailed house damage ratios, and the number of data in Table 5 is much larger than that in Table 7 . Accordingly, Figure 4 can be more trustable than
Figures 2 and 3. Figure 4 indicates that the actual distribution of seismic intensity is further complex. For example, Intensity X occurs in three separated areas: around Lijiang (1 in Figure 4 ), near Dadong (2) and near Daju (3). The above (1) and (3) correspond to basins with thick alluvium as well as the inferred epicenter along the earthquake f ault (Figure 1 ), indicating that these two factors account for the high intensity. The thickness of the alluvium in Lijiang Basin attains 1,200 m (PLA 00939 Troops, 1979) . Intensity IX around Qihe (4 in Figure 4 ) also occurs in and around a basin with alluvium ( Figure 1 ).
In contrast, Intensity X near Dadong (2) occurs in an area without thick alluvium. This area is characterized by the tectonic intersection of the Lijiang-Jianchuan fault system (F2 in Figure 1 ) and the Daju-Dadong fault system (F3), suggesting that such complex tectonic structure was responsible for the enhanced ground movement. The extended distribution of Intensity X to the NNE of Lijiang (1) Consequently, the existing structure of fault systems has played an important role in determining the spatial distribution of the earthquake fault, seismic intensity and building damage. 
Distribution of building damage ratios
The damage index (DI) and seismic intensity estimated from DI can be regarded as generalized parameters of earthquake disasters. Mapping of the original building damage ratios permits more precise investigation. 
Conclusions
This paper has applied GIS to the evaluation of the damage caused by the Lijiang earthquake in China. The mapping and interpolation functions of GIS have facilitated the analyses of earthquake damage and seismic intensity in more detail than previous studies. Seismic intensity and the damage ratio of houses do not decrease simply with an increasing distance from the epicenter, but shows complex distribution patterns.
Thick alluvium in basins and the structure of fault systems mainly account for this complexity. The density of houses may also have affected the distribution of people killed by the earthquake.
Automated mapping and quantitative data analyses using GIS have been successfully applied to the investigation and mitigation of natural disasters in various countries. In recent years, earthquake disasters repeatedly occurred in China especially in Yunnan
Province. It is hoped that modern GIS facilities and spatial databases devoted to
Chinese earthquake disasters will be provided in the near future.
